The decay of the standard model Higgs boson into a single photon and a vector unparticle through a one-loop process is studied. For an intermediate mass Higgs boson, this single photon plus unparticle mode can have a branching ratio comparable with the two-photon discovery mode.
I. INTRODUCTION
The electroweak-symmetry breaking of the standard model (SM) in particle physics that provides masses to its particle contents will soon be tested at the CERN Large Hadron Collider (LHC), which is scheduled to be online in later part of the year 2008. The simplest version of the electroweak-symmetry breaking consists of an elementary scalar boson known as the Higgs boson H. On the theoretical side, the best fit value of electroweak precision data for the Higgs boson mass is m H = 89 +38 −28 GeV with a 95% CL upper limit of m H < 144 GeV [1] , while the direct searches at LEP puts a lower limit on m H > 114.5 GeV [2] . For an intermediate-mass Higgs boson in the mass range of 115 − 140 GeV, the best hope to search for it at the LHC is the two-photon mode [3] even though the branching ratio for the twophoton decay mode is only 10 In this work, we point out a possible rare decay mode of the Higgs boson in the scheme of unparticle proposed in [4] . The Higgs boson can decay into a single photon plus a vector unparticle U. The salient feature of this decay mode is that the photon energy has a continuous spectrum in the rest frame of the Higgs boson, in contrast to H → γγ and γZ.
Therefore, by measuring the photon energy spectrum in the Higgs boson decay, one can discriminate the presence of the unparticle or not. Note that we cannot use H → γU for the discovery of the Higgs boson, because of the missing energy carried away by the unparticle.
Therefore, the decay mode that we propose in this work will be in the precision studies of the Higgs boson decay. Perhaps, it can be done at the future International Linear Collider. once it was produced in a process [4] , while virtual unparticle effect can be probed via its interference with the SM amplitudes [5, 6] . Thus, even in the case of 2-body decay like H → γU, the energy spectrum of the photon is no longer a delta function peaked at m H /2 but rather a continuous one spreading from zero to m H /2.
One more remark before we come to the details of the calculation is that H → γU is a one-loop process, in analogous to H → γZ, but with only SM fermions flowing in the loop. The major contribution comes from the top-quark loop. The vector coupling of the top quark to the unparticle can be parameterized by (λ
As long as the coupling is flavor dependent, the constraint coming from the top quark physics 1 is rather loose, even though the constraints for other fermions (e.g. electron) are very stringent [6] .
Therefore, we are allowed to use λ t 1 ∼ 1 and Λ U ∼ 1 TeV for the top quark without upsetting existing constraints.
II. UNPARTICLE CALCULATION
The interaction of a vector unparticle U with a standard model fermion f is given by [4, 6] 
where λ f 1 and λ ′f 1 are the unknown vector and axial vector couplings. The process H → γU can be induced at one-loop level with the standard model fermions circling the loop. The most dominant contribution comes from the top-quark loop. We note that the W boson loop that contributes significantly in the two-photon mode does not contribute in the unparticle case. The Lorentz-invariant decay amplitude M for H → γ(k) + U(P U ) is dictated by gauge invariance of electromagnetism and can be written as
with
The loop-induced amplitude A can be extracted from previous HγZ calculations [72, 73, 74, 75, 76] by the following substitutions
As in the HγZ case, the axial vector coupling λ ′f 1 does not contribute to A as it is forbidden by charge conjugation. Thus
where
U and m f is a fermion mass. The loop functions I(x, y) and J(x, y) are given by
with The energy distribution of the emitted photon for this process can be easily derived as
with P 
III. RESULTS
In Fig. 1 , we plot the normalized energy spectrum of the emitted photon from H → γU In Fig. 2 , we compare the decay rate of the single photon mode H → γU with that of the two-photon mode H → γγ. One can see that for d U = 1.1 and 50 GeV < m H < 100
GeV, both modes can have the same branching ratio.
In 
